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The first three critical speeds
Damping force ratio Fp/Fr = 0-25
i = Bearing resilience per bearing (equal for both bearings)
n = Turbocharger speed
The maximum operating speed nmisx = 550/s has been established so
that at Dv &~ 300 mm a compressor pressure ratio 1. = 4-5 is obtained
i

The resilience values for external bearings (A) and internal bearings (1)
lie within the coloured areas. (The values on the chain-dot curve have
been assumed for the computed results shown in Fig. 4 and 5.)
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Relative frictional loss in bearings

Np = Total bearing frictional loss

Ny = Compressor output

n = Turbocharger speed

I1, = Compressor pressure ratio (Dy = 300 mm)

Nwm = Engine load (fixed-pitched propeller operation, medium-speed
engine. 100% = full load).

a = External rolling-contact bearings (with shaft end pumps and cen-
trifuges)

b = External plain bearings (with bushes on shaft)

¢ = Internal plain bearings (without bushes on shaft)
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DEVELOPMENT OF ENGINE
FOR HEAVY FUEL OIlL
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In a combustor development for a
gas turbine engine, temperature
measurement at the exit of the
combustor is always required.
For this purpose, thermocouple
rakes are often inserted in the
narrow passages which are
confined with relatively cool
walls. It is supposed that the
cool wall causes conductive as
well as radiative error on the
thermocouple indication. The
error evaluation was made here
for some practical thermocouple
probes including newly designed
one, which could cope with high
temperature and humid environ-
ment, with less aerodynamic
resistance. The experiments
were conducted at 400, 600, 800
and 1000°C, in the supplied gas
temperature, and the average air
velocity ranged from 26 m/s to
126 m/s. The newly designed
probe showed the best accuracy
among the probes tested.
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"32ND ASME INTERNATIONAL GAS TURBINE
CONFERENCE AND EXHIBIT

May 31~June 4, 1987 Anaheim,

California U.S.A.

wmxX UXb

AIRCRAFT

Forecasting ‘‘Wooden Round’’ Reliability During Preliminary Design
H. WEAKS, Teledyne CAE, Toledo, OH
(ASME Paper No. 87-GT-41)

Applied Reliability Maintainability Methodology as a Function Within Life
Cycle Cost
C. CURRY, Allison Gas Turbine Div., Indianapolis, IN
(ASME Paper No. 87-GT-172)

Gas Turbine Safety Improvement Through Risk Analysis
T. M. CROSBY and G. L. REINMAN, Pratt & Whitney Aircraft, West
Palm Beach, FL
: (ASME Paper No. 87-GT-15)

Analytical R&M Methods Applied to Forecasting Engine Logistics
Requirements
D. E. SAUNDERS, General Electric Co., Lynn, MA
(ASME Paper No. 87-GT-40)

Development of the XF3-30 Turbo Fan Engine
K. ISHIZAWA, . H. 1. Co. Ltd., Tokyo, JAPAN, H. YAMADA, Technical
Research and Development Institute, JDA, Tokyo, JAPAN and H.
HAMATANI, 3rd Research and Development Center, TRDI/SDA,
Tokyo, JAPAN
(ASME Paper No. 87-GT-26)

Altitude Tests of the XF3-30 Turbo Fan Engine
S. YASHIMA, |. H. 1. Co., Ltd., Tokyo, JAPAN, M. UCHIDA, Deveiop-
ment Department, Air Staft Office, Tokyo, JAPAN and M. KITAMURA,
3rd Research Center, TRDI/SDA, Tokyo, JAPAN
(ASME Paper No. 87-GT-25)

Compressor Turbine Vane Ring (PT6 Engine) Repair Development
N. SOURIAL, Pratt & Whitney Canada, Longueuil, Quebec, CANADA
(ASME Paper No. 87-GT-47)

Validation of HIDEC Adaptive Engine Control Systems
R. J. LANDY, W. A. YONKE, McDonnell Aircraft Co., St. Louis, MO
gr;\d J. STEWART, NASA Dryden Flight Research Center, Lancaster,
(ASME Paper No. 87-GT-257)

Conceptual Design of an Optic Based Engine Control System
W. J. DAVIES, Pratt & Whitney, West Palm Beach, FL, R. J. BAUM-
BICK, NASA Lewis Research Center, Cleveland, OH and R. W. VIZ-
ZINI, Naval Air Propuision Center, Trenton, NJ
(ASME Paper No. 87-GT-168)

Introduction and Application of GE Turbine Engine Monitoring Software
Within KLM Royal Dutch Airlines
H. LUCAS, KLM Royal Dutch Airlines, Schiphol Airport,
NETHERLANDS and J. E. PAAS, General Electric Co., Cincinnati, OH
(ASME Paper No. 87-GT-167)

The United Kingdom Engine Technology Demonstrator Programme
W. J. CHRISPIN, United Kingdom, Ministry of Defense, London,

ENGLAND
(ASME Paper No. 87-GT-203)

Boundary Layer Profile investigations Downstream of an Aero-Engine In-
take Anti-icing Air Exhaust Siot
S. J. DOWNS, Rolls-Royce plc., Derby, ENGLAND and E. H. JAMES,
Loughborough University of Technology, Loughborough, ENGLAND
(ASME Paper No. 87-GT-237)
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investigation of Integrated Selection of Optimum Engine Cycle Parameters

J. ZHANG, X. ZHU, D. CHEN and Z. ZHU, Beijing Institute of

Aeronautics & Astronautics, Beijing, PEOPLE'S REPUBLIC OF CHINA
(ASME Paper No. 87-GT-39)

The Use of Holographic Interferometry for Turbomachinery Fan Evaluation
During Rotating Tests
R. J. PARKER and D. G. JONES, Rolis-Royce pic., Derby, ENGLAND
(ASME Paper No. 87-GT-236)

Inter and Intra Blade Row Laser Velocimetry Studies of Gas Turbine Com-
pressor Flows
M. C. WILLIAMS, Pratt & Whitney, United Technologies Corp., E.
Hartford, CT
(ASME Paper No. 87-GT-235)

Laser Anemometry Techniques for Turbine Applications
M. P. WERNET and L. G. OBERLE, NASA-Lewis Research Center,

Clevetand, OH
(ASME Paper No. 87-GT-241)

Three Component Velocity Measurements in the Interblade Region of a

Fan
R. K. MENON, TSI Inc., St. Paul, MN
(ASME Paper No. 87-GT-207)

Development and Application of a High Frequency Wedge Probe
H. BUBECK and J. WACHTER (deceased), University of Stuttgart,
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Neutron and Positron Techniques for Fluid Transfer System Analysis, and
Remote Temperature and Stress Measurement
P. A. E. STEWART, Rolls-Royce pic., Filton, Bristol, ENGLAND
(ASME Paper No. 87-GT-219)

CERAMICS

Hot Isostatic Pressing of Sintered Alpha Silicon Carbide Turbine

Components
M. 0. TENEYCK and R. W. OHNSORG, Standard Qil Engineering
Materials Co., Niagara Falls, NY and L. E. GROSECLOSE, Allison Tur-
bine Division, GM, Indianapolis, IN

(ASME Paper No. 87-GT-161)

Applications of Ceramic Coating on the Turbine Blades of the AGTJ-100B
K. UCHIDA, A. KOGA, K. TESHIMA and M. ARAI, Engineering
Research Association for Advanced Gas Turbines, Tokyo, JAPAN

(ASME Paper No. 87-GT-190)

AGT-101 Ceramic Gas Turbine Development
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Engine Co., Phoenix, AZ
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Development of Ceramic Hot Section Components for AGT-i00 Gas
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D. A. TURNER and R. L. HOLTMAN, Allison Gas Turbine, Indianapolis,
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(ASME Paper No. 87-GT-79)
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Stress Rupture of Ceramics: Time-Temperature Relationships
D. I. G. JONES, Materials Laboratory, Wright-Patterson Air Force
Base, Dayton, OH
(ASME Paper No. 87-GT-81)
Mechanical Strength Characterization of Sintered Silicon Nitride Contain-
ing Oxide Additives
R. K. GOVILA, Ford Motor Co., Dearborn, M|
(ASME Paper No. 87-GT-80)
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D. K. SHETTY, University of Utah, Salt Lake City, UT
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Ultrasonic Characterization of Ceramics
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CLOSED CYCLES

An Option for High Power in Space
R. V. BOYLE, Garrett Fluid Systems Company, Tempe, AZ and J. C.
RIPLE, AiResearch Manutfacturing Co., Torrance, CA
(ASME Paper No. 87-GT-262)

Solar Receiver Design for a Closed Cycle Gas Turbine Space Power
System
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Erosion Research on the U.S. Department of Energy Fossil Energy

Materials Program .
R. R. JUDKINS and R. A. BRADLEY, Oak Ridge National Laboratory,

Oak Ridge, TN
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Temperature Effect on Particle Dynamics and Erosion in Radial Inflow

Turbine
W. TABAKOFF and A. HAMED, University of Cincinnati, Cincinnati, OH
(ASME Paper No. 87-GT-123)
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Performance Deterioration of a Turbofan and a Turbojet Engine Upan Ex-
posure to a Dust Environment
M. G. DUNN, C. PADOVA and J. E. MOLLER, Calspan Corp., Buffalo,
NY and R. M. ADAMS, Hq. Defense Nuclear Agency, Alexandria, VA
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A. F. EL-SAYED, Zagazig University, Zagazig, EGYPT and A. BROWN,
Royal Military College of Science, Swindon, ENGLAND
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Turbine Deposition, Erosion, and Corrosion Evaluation Using a Simplified
Test Approach
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Particle Transport Across the Transpired Turbulent Boundary Layer
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Cambridge, MA
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Feasibility Test of a Low Emissions Topping Combustor for Fluidized Bed
Applications
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Influence of Ambient Air Pressure on Pressure-Swirl Atomization
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Experimental Study on Atomization of Plain Jet Injector Under High
Pressure Co-Axial Air Flow
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PEQOPLE'S REPUBLIC OF CHINA and J. S. CHIN, Thermai Sciences and
Propulsion Center, Purdue University, West Lafayette, IN
(ASME Paper No. 87-GT-56)
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Experimental Study on the Atomization of Plain Orifice Injector Under
Uniform and Non-Uniform Cross Flowing Air Stream
Y. ZHANG, J. Y. ZHU and L. X. WANG, Jet Propulsion Laboratory, Bei-
jing Institute of Aeronautics and Astronautics, Beijing, PEOPLE'S
REPUBLIC OF CHINA and J. S. CHIN, Purdue University, West
Lafayette, IN
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Erosion Research on the U.S. Department of Energy Fossil Energy
Materials Program
R. R. JUDKINS and R. A. BRADLEY, Oak Ridge National Laboratory,
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Temperature Effect on Particle Dynamics and Erosion in Radial Inflow
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W. TABAKOFF and A. HAMED, University of Cincinnati, Cincinnati, OH
(ASME Paper No. 87-GT-123}
Performance Deterioration of a Turbofan and a Turbojet Engine Upon Ex-
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M. G. DUNN, C. PADOVA and J. E. MOLLER, Calspan Corp., Buffalo,
NY and R. M. ADAMS, Hg. Defense Nuciear Agency, Alexandria, VA
(ASME Paper No. 87-GT-111)
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P. F. BATCHO, J. C. MOLLER, C. PADOVA and M. G. DUNN, Caispan
Corp., Buffalo, NY
(ASME Paper No. 87-GT-112)

Computer Predictions of Erosion Damage in Gas Turbines
A. F. EL-SAYED, Zagazig University, Zagazig, EGYPT and A. BROWN,
Royal Military College of Science, Swindon, ENGLAND
(ASME Paper No. 87-GT-127)

Experimental Evaluation of Fuel Injection Configurations for a Lean-
Premixed Low NO, Gas Turbine Combustor
K. 0. SMITH, Solar Turbine Inc., San Diego, CA, F. R. KURZYNSKE,
Gas Research Institute, Chicago, IL and L. C. ANGELLO, Electric
Power Research Institute, Paio Alto, CA
(ASME Paper No. 87-GT-141)

The Development of a Diesel Burning Combustion Chamber with a Multi-
ple Jet Primary Zone
R. V. COTTINGTON, J. P. D. HAKLUYTT and J. R. TILSTON, Royal Air-
craft Establishment, Pyestock, Farnborough, Hants., ENGLAND
(ASME Paper No. 87-GT-140)

Swirl and Counterswirl Effects in Prefilming Airblast Atomizers
M. AIGNER, BBC Brown Boveri and Company, Ltd., Baden,
Switzerland and S. WITTIG, Universitat Karisruhe, Karlsruhe,
FEDERAL REPUBLIC OF GERMANY
(ASME Paper No. 87-GT-204)

Aspects of the Design of Swirlers as used in Fuel Injectors for Gas Tur-
bine Combustors
C. A. MARTIN, Parker Hannifin Corp., Cleveland, OH
(ASME Paper No. 87-GT-139)

Spray Performance of a Hybrid Injector under Varying Air Density
Conditions
A. K. JASUJA, Cranfield Institute of Technology, Crantield, Bedford,
ENGLAND
(ASME Paper No. 87-GT-155)

New Cycles for Methanol-Fueled Gas Turbines
S. KLAEYLE, R. LAURENT and F. NANDJEE, Electricite de France,

Chatou, FRANCE
(ASME Paper No. 87-GT-175)

Reliable Operation of Gas Turbines on Crude Oil
L. MADERNI and S. GABELLA, Fiat TTG, Torino, ITALY
(ASME Paper No. 87-GT-176)

ITSL Coal Liquid as a Combustion Turbine Fuel
K. L. RIEKE and H. G. LEW, Westinghouse Electric Corp., Concord-
ville, PA and W. C. ROVESTI, Electric Power Research Institute, Palo

Alto, CA
(ASME Paper No. 87-GT-157)

Prediction of Gas Turbine Combustor-Liner Temperature
Y.'S. H. NAJJAR and R. M. DROUBI, King Abdulaziz University, Jed-

dah, SAUDI ARABIA
(ASME Paper No. 87-GT-177)

Combustion Gas Properties: Part 3—Prediction of Thermodynamic
Properties of Combustion Gases of Aviation and Diesel Fuels
0. L. Giilder, National Research Council of Canada, Ottawa, Ontario,

CANADA
(ASME Paper No. 87-GT-49)

Investigation of High-Altitude Ignition Performance of Several Chinese Jet
Fuels with Different Properties
N.-K. CHEN, Beijing Institute of Aero and Astro, Beijing, PEOPLE'S
REPUBLIC OF CHINA
(ASME Paper No. 87-GT-178)

Current Gas Turbine Combustion and Fuels Research and Development
J. E. PETERS, University of lllinois, Urbana, IL
(ASME Paper No. 87-GT-107)

Conical Grid Plate Flame Stabilizer—Number and Size of Jet Shear
Layers
A. F. ALl and G. E. ANDREWS, University of Leeds, Leeds, UK
(ASME Paper No. 87-GT-258)

Experimental Method for the Combustion Efficiency Calculation in a
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Methods for Achieving a Combusticn—Driven Pressure—Gain in Gas
Turbines
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Prediction of the Combustion Performance of Aviation Kerosines Using a
Novel Premixed Flame Technique
D. M. CARRIER and R. J. WETTON, Shell Research Ltd., Chester, UK
(ASME Paper No. 87-GT-125)

Preliminary Tests of Catalytic Combustion in a Small Gas Turbine
A. HOSHINO, S. KAJITA, Y. HAGIWARA, K. FUJIMOTO and J. KITA-
JIMA, Kawasaki Heavy industries, Ltd., Akashi, JAPAN
(ASME Paper No. 87-GT-100)

Hybrid Catalytic Combustion for Stationary Gas Turbine Concept & Small
Scale Test Results
T. FURUYA, T. HAYATA, S. YAMANAKA and J. KOEZUKA, Toshiba
Corp., Kawasaki-City, JAPAN, T. YOSHINE, Toshiba Corp.,
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Measurement of Temperature and Velocity Vector in a Combusting En-
vironment Using Low-Cost Probes
M. B. KHALIL, Asecor Ltd., Manotic, Ontario, CANADA and E. G.
PLETT, Carleton University, Ottawa, Ontario, CANADA
(ASME Paper No. 87-GT-91)

Correlations of Fuel Performance in a Fuil-Scale Commercial Combustor
and Two Model Combustors
T. T. BOWDEN, Shell International Petroleum Co., London, UK, D. M.
CARRIER and L. W. COURTENAY, Shell Research Ltd., Chester, UK
(ASME Paper No. 87-GT-89)

Full Engine Field Test and Approach to Improve Gas Turbine Combustion
System
M. GIANOLA, Fiatt TTG, Torino, ITALY
(ASME Paper No. 87-GT-205)

Prediction of HO and CO Distribution in Gas Turbine Combustors
S. KAJITA, Kawasaki Heavy Industries, Ltd., Akashi, JAPAN and R.
MATUMOTO, Nada-ku Kohe, JAPAN
(ASME Paper No. 87-GT-63)

Development of Dry Two-Stage Low NO, Combustor For Gas Turbines
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(ASME Paper No. 87-GT-64)

Development of a Catalytic Combustor for Small Gas Turbines
K. MORI, J. KITAJIMA and S. KAJITA, Kawasaki Heavy Industries,
Ltd., Akashi, JAPAN and S. ICHIHARA, Nippon Shokubai Kagaku
Kogyo Co., Ltd., Himeji, JAPAN
(ASME Paper No. 87-GT-62)
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Low Frequency Noise Emission From a Natural Gas Compressor Station
M. SIEMINSKI, BEB Erdgas und Erdol GmbH, Steimbke, FED REP. OF
GERMANY and M. SCHNEIDER, Werner Genest Consulting Engineers
GmbH, Ludwigshaten, FED. REP. OF GERMANY

(ASME Paper No. 87-GT-61)

Combustion and Deposition in Coal Fired Turbines
C. C. CHEN, S. G. KIMURA and C. L. SPIRO, General Electric
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Test Approach
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Particle Transport Across the Transpired Turbulent Boundary Layer
H. KOZLV and J. F. LOUIS, Massachusetts Institute of Technoiogy,
Cambridge, MA
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Feasibility Test of a Low Emissions Topping Combustor for Fluidized Bed
Applications
R. V. GARLAND and P. W. PILLSBURY, Westinghouse Combustion
Turbines, Concordville, PA
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Coal-Fired Gas Turbine For Locomotive Propulsion
L. GREEN, JR., Energy Conversion Alternatives, Ltd., Washington, DC
(ASME Paper No. 87-GT-273)

CONTROLS AND DIAGNOSTICS

Gas Turbine Fuel Control Systems for Unmanned Applications
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Ltd., Cheltenham, ENGLAND
(ASME Paper No. 87-GT-76)

Theoretical Principles of the Cylindricat, 2-Hole Pneumatic Probe. )
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(ASME Paper No. 87-GT-151)

Electronic Trend Monitoring and Exceedance Recording System: A Means
To Improved Reliability
M. G. MOORE, Semco Instruments, Inc., Hollywood, CA
(ASME Paper No. 87-GT-87)

Digital Controls for Gas Turbine Engines
K. ROBINSON, Dowty & Smiths Industries Controls Limited,
Cheltenham, ENGLAND
(ASME Paper No. 87-GT-211)

A Triplex Fault Tolerant Digital Control .
J. SLAGLE, Woodward Governor Co., Fort Collins, CO
(ASME Paper No. 87-GT-21)

Retrofit of a Modern Control System to an Early Design Gas Turbine
H. NIKKELS, Anchorage Municipal Light and Power, Anchorage, AK
and D. LITTLE, Liburdi Engineering Ltd., Hamilton, Ontario, CANADA
(ASME Paper No. 87-GT-31)

A Model to Determine the Behaviour of a Pressure Measurement Equip-
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K. U. LEMMER and J. HASS, Universitat Der Bundeswehr Hamburg,
Hamburg, FED. REPUBLIC OF GERMANY :
(ASME Paper No. 87-GT-128)

ELECTRIC UTILITIES
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D. E. BRANDT, General Electric Co., Schenectady, NY
(ASME Paper No. 87-GT-14)

A High Performance PFB System for Utility Application
P. A. BERMAN, Westinghouse Electric Corp., Concordville, PA and J.
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Newark, NJ
(ASME Paper No. 87-GT-36)

Development and Testing of the 13 MW Class Heavy Duty Gas Turbine
MF-111
E. AKITA, K. AOYAMA, Y. TSUKUDA and |. FUKUE, Mitsubishi Heavy
Industries, Takasago, JAPAN and S. AOKI, Turbo Machinery Research
and Promotion Laboratory, Takasago, JAPAN
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A Study of Thermodynamic Performance of CAES Plants Including
Unsteady Effects
E. MACCHI and G. LOZZA, Politechnico Di Milano, Milano, ITALY
(ASME Paper No. 87-GT-23)

Topping the Groningen Steam Turbine Plant with a Gas Turbine
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ingen, NETHERLANDS, H. BRUECKNER and H. FINCKH, Kraftwerk
Union AG, Eriangen, FED. REPUBLIC OF GERMANY
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TG 50: The Evolution of a 100 MW Single Shaft Gas Turbine Through 12
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A Computer Program to Analyse Cogeneration Plant Heat Balances and
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J. C. STEWART and C. F. HSUN, Power Systems Engineering Inc.,
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(ASME Paper No. 87-GT-27)
A Modified, High Etficiency, Recuperated Gas Turbine Cycle
M. A. EL-MASRI, Massachusettes Institute of Technology, Cam-
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Cycles
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Thermodynamic Study of an Indirect Fired Air Turbine Cogeneration
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Transient Behavior of Solar Heated Radiation Receivers for Small Gas Tur-
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Research and Development on the HPT of the AGTJ-100B
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Performance of the Integrated Gas and Steam Cycle (16SC) for Reheat Gas
Turbines
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(ASME Paper No. 87-GT-12)

Combined Cycle Repowering-Two Concepts at Virginia Power
J. L. CATINA, J. D. RIVES and J. R. LETARTE, Virginia Power, Rich-

mond, VA
(ASME Paper No. 87-GT-2)
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Part Load Performance of the Intercooled Two-Shaft Gas Turbine with
Power Output at Constant Speed on the High Pressure Shaft
N. GASPAROVIC and J. W. KIM, Technische Univ. Berlin, FED. REP.
OF GERMANY
(ASME Paper No. 87-GT-3)
Optimizing the Design Conditions of a 100 MW CAES with Sait Dome Air
Storage
A. J. KARALIS and E. J. SOSNOWICZ, United Engr. & Constructors,
Philadelphia, PA and H. HASELBACHER, Brown Boveri & Co. Ltd.,
Baden, SWITZERLAND and J. ISTVAN, PB-KBB, Inc. Houston, TX
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Boosting Steam Plant Thermal Efficiency and Power Output Through the
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(ASME Paper No. 87-GT-4)
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F. FLEISCHER and J. MANN, G and H Montage GmbH, Ludwigshafen,
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HEAT TRANSFER

Full Coverage Impingement Heat Transfer: The Influence of the Number
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University of Leeds, Leeds, UK
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Effects of Channel Aspect Ratio on Heat Transfer in Rectangular Passage
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C. S. FAN and D. E. METZGER, Arizona State Univ., Tempe, AZ
(ASME Paper No. 87-GT-113)

Heat Transfer to Arrays of Impinging Jets in a Crossflow
B. R. HOLLWORTH, Clarkson University, Potsdam, NY and G. H.
COLE, EG&G Idaho, Inc., Idaho Falls, ID
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Application of the Transient Test Technique to Measure Local Heat
Transfer Coefficients Associated with Augmented Airfoil Cooling
Passages
J. SAABAS, S. C. ARORA and W. A. MESSEH, Pratt and Whitney
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A Review of Pin-Fin Heat Transfer for Turbine Cooling Applications
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Modelling the Unsteady Flow in a Turbine Rotor Passage
D. J. DOORLY, University College, London, UK
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A Trace Gas Technique to Study Mixing in a Turbine Stage
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Effects of Injection on Condensation on a Film-Cooled Surface
W. P. WEBSTER, U.S. Dept. of Energy, Morgantown, WV and S.
YAVUZKURT, Pennsylvania State Univ., University Park, PA
(ASME Paper No. 87-GT-136)

Procedures for Determining Surface Heat Flux Using Thin Film Gauges on
a Coated Metal Model in a Transient Test Facility
J. E. DOORLY, University ot Oxford, Oxtord, U.K.
(ASME Paper No. 87-GT-95)

Computation of Full-Coverage Film-Cooled Airfoil Temperatures by Two
Methods and Comparison with High Heat Flux Data
H. J. GLADDEN, F. C. YEH and P. J. AUSTIN, JR., NASA Lewis
Research Center, Cleveland, OH
(ASME Paper No. 87-GT-213)

Blade Temperature Measurements of Model V84.2 100 MW/60 Hz Gas
Turbine ‘
T. SCHULENBERG and H. BALS, Kraftwerk Union AG, Miilheim-Ruhr,
FEDERAL REPUBLIC OF GERMANY
(ASME Paper No. 87-GT-135)

Film Cooling of a Turbine Blade with injection Through Two Rows of Holes
in the Near Endwall Region
R. J. GOLDSTEIN and P. H. CHEN, Univ. of Minnesota, Minneapolis,
MN
(ASME Paper No. 87-GT-196)

Prediction of Film Cooling by a Row of Holes with a Two-Dimensional
Boundary Layer Procedure
B. SCHONUNG and W. RODi, University of Karlsruhe, Karlsruhe,
FEDERAL REPUBLIC OF GERMANY
(ASME Paper No. 87-GT-122)

Heat Transfer Measurements Downstream of a Two-Dimensional Jet
Entering a Crossflow

S. WITTIG and V. U. SCHERER, Universitit Karlsruhe, Karlsruhe,

FEDERAL REPUBLIC OF GERMANY

(ASME Paper No. 87-GT-119)

Time Averaged Heat-Fiux Distributions and Comparison with Prediction
for the Teledyne 702 HP Turbine Stage

M. G. DUNN, Calspan Corp., Butfalo, NY and R. E. CHUPP, Teledyne

CAE, Toledo, OH
(ASME Paper-No. 87-GT-120)

A Qualitative Method for Determining the Temperature Pattern of Run Gas.
Turbine Blades
G. McQUIGGAN and W. LINKERT, Westinghouse Canada, Inc.,
Hamilton, Ontario, CANADA
(ASME Paper No. 87-GT-102)

Investigation of the Heat Transfer in High Temperature Gas Turbine
Vanes
T. SATO and K. TAKEISHI, Mltsubishi Heavy Industries, Ltd.,
Takasago City, JAPAN
(ASME Paper No. 87-GT-137)

Heat Transfer in Stepped Labyrinth Seals
S. WITTIG, K. JACOBSEN, U. SCHELLING and S. KIM, Universitat
Karlsruhe, Karisruhe, FED. REP. OF GERMANY ]
(ASME Paper No. 87-GT-92)

Film Cooling and Heat Transfer in Nozzles
J. STOLL and J. STRAUB, Lehrstuhl a tir Thermodynamik, Minchen,
FED. REP. OF GERMANY
(ASME Paper No. 87-GT-117)
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MANUFACTURING MATERIAL
AND METALLURGY

Centrispun High Alloy Steel Castings for the Gas Turbine Industry
P. G. NIXON, Firth Vickers Foundry Limited, Sheftield, ENGLAND
(ASME Paper No. 87-GT-206)

Gas Turbine Components: Better Methods to Determine Repairability and
Innovations to Refurbish Parts . .
R. A. NATOLE, Hickham-Elbar Turbine Component Repair and Service,

La Porte, TX
(ASME Paper No. 87-GT-66)

Rainbow Field Test of Coatings for Hot Corrosion Protection of Gas Tur-
bine Hot Section Components
M. VAN ROODE, K. G. KUBARYCH and R. L. McCARRON, Solar Tur-
bines Inc., San Diego, CA
(ASME Paper No. 87-GT-130)

Pack Cementation Coatings for Superalloys—History, Theory and
Practise
G. W. GOWARD and L. W. CANNON, Turbine Components Corp., Bran-
ford, CT )
(ASME Paper No. 87-GT-50)

The HF (Fluoride-lon) Cleaning Technique for Super Alloys
A. L. CLAVEL and L. F. POCHET, Tri-Coating, Mt. Clemens, Mi
(ASME Paper No. 87-GT-60)

New Materials for Fabricated Gas Turbine Hot Section Components
M. ROTHMAN and C. PATRIARCA, Cabot Corp., Kokomo, IN
(ASME Paper No. 87-GT-59)

Degradation of MCrALY Coatings by Inter-Diffusion with the Substrat
P. MAZARS, D. MANESSE, and C. LOPVET, Heurchrome, Colombes,
FRANCE

(ASME Paper No. 87-GT-58)

MARINE

The FT8 High Performance Industriai and Marine Gas Turbine
W. H. DAY, United Technologies/Turbo Power, Farmington, CT
(ASME Paper No. 87-GT-242)

The Replacement Cruise Engine for the DDH 280 Tribal Class Destroyer
1. D. MACK and D. J. HURL, National Defence Headquarters, Ottawa,
Ontario, CANADA

(ASME Paper No. 87-GT-243)

LM500 CODAG Propulsion for STANFLEX 300
L. T. DALEY, General Electric Co., Cincinnati, OH and T. MUNK, Royal
Danish Navy, Copenhagen, DENMARK
(ASME Paper No. 87-GT-244)

Water Wash System for Marine Gas Turbine Inlet Filters
G. A. REINAUER, United Technologies Corp., Windsor Locks, CT
(ASME Paper No. 87-GT-246)

Marine Gas Turbines—Engine Heaith Monitoring—New Approaches
J. WALKER, Ministry of Defense, Bath, UK and A. SUMMERFIELD,

Rolls Royce plc., Ansty, Coventry, UK
(ASME Paper No. 87-GT-245)

High Performance Gearing for Modern Naval Gas Turbine Propulsion

Systems R

vJ. B. KERPESTEIN, Royal Schelde, Vlissingen, NETHERLANDS
(ASME Paper No. 87-GT-247)

Experimental Investigation of Gas Turbine Recuperator Fouling
T. L. BOWEN, D. P. GUIMOND and R. K. MUENCH, David Taylor Naval
Ship R&D Center, Annapolis, MD
(ASME Paper No. 87-GT-97)

Economic Considerations for a New Gas Turbine System in the U.S. Navy
J. C. NESS, David Taylor Naval Ship R&D Center, Annapolis, MD, C.
B. FRANKS and R. L. SADALA, Advanced Technology, Arlington, VA

(ASME Paper No. 87-GT-98)

& #

Thermodynamics and Performance Projections for Intercooled/
Reheat/Recuperated Gas Turbine Systems
M. A. EL-MASRI, Massachusetts Institute of Technology, Cambridge,

MA
(ASME Paper No. 87-GT-108)

Aerodynamic Design of a Power Turbine for an Aircraft Derivative Marine
Gas Turbine
G. JI, Z. TAN and M. ZHANG, Marine Boiler and Turbine Research In-
stitute, Harbin, PEOPLE'S REPUBLIC OF CHINA
(ASME Paper No. 87-GT-8)

PIPELINES AND APPLICATIONS

Fire Detection and Suppression in Natural Gas Pipeline Compressor
Stations
C. W. MEYER, Pacific Gas Transmission Co., San Francisco, CA
(ASME Paper No. 87-GT-103)

Observations of the Life and Overhaul Requirements of Aero Derivative
Engines on Base Load Industrial Applications
P. LOWDEN and J. LIBURDI, Liburdi Engineering Limited, Hamilton,
Ontario, CANADA
(ASME Paper No. 87-GT-105)

Blade Excitation Criteria Developed for Aero Derived Engines in Arctic
Alaska
H. J. CLOUGH, Rolis Royce plc, Ansty, Coventry, UK
: (ASME Paper No. 87-GT-104)

Design and Application of a Natural Gas Pipeline Optimization Program
J. GILMOUR, Gilmour Systems Engineering, San Francisco, CA
(ASME Paper No. 87-GT-260)

Software and Instrumentation to Monitor the Performance of Natural Gas
Pipeline Turbine Systems
P. LEVINE, D. PATANJO and W. P. LAM, Fern Engineering, Inc.,
Cataumet, MA
(ASME Paper No. 87-GT-184)

From Fighter Aircraft to Pipeline: Development of the First ‘‘Third Genera-
tion’’ Aero-Derived Gas Turbine in the 16,000-18,000 HP Class
G. ROGERS, Ingersoll-Rand Canada, inc., Don Mills, Ontario, CANADA
and W. MATHERS, Ingersoll-Rand Inc., Phillipsburg, NJ
(ASME Paper No. 87-GT-185)
Compressor Station Noise Source Ranking Using Sound Intensity
R. H. PORTER, TransCanada Pipelines Ltd., Toronto, Ontario, CANADA
(ASME Paper No. 87-GT-240)

Sound Level Analysis for a Gas Turbine Driven Natural Gas Compressor
Station
F. FLEISCHER and R. JOHNSON, G & H Montage GmbH, Lud-.
wigshaten, FED. REPUBLIC OF GERMANY and H. HEIMER, Solar Tur-
bines Qverseas Ltd., Brussels, BELGIUM
(ASME Paper No. 87-GT-224)

Gas Turbine Exhaust Systems Specification~-Design Considerations
R. MORRIS, Cullum Deturners Ltd., Heanor, Derbyshire, ENGLAND
(ASME Paper No. 87-GT-238)

Coping with Gas Turbine Emissions Regulations
J. C. SOLT, Solar Turbines Inc., San Diego, CA
(ASME Paper No. 87-GT-239)
Economic Justification of Magnetic Bearings and Mechanical Dry Seais
for Centrifugal Compressors
S. 0. UPTIGROVE, T. A. HARRIS, and D. 0. HOLZNER, Nova, An
Alberta Corp., Calgary, Alberta, CANADA
(ASME Paper No. 87-GT-174)

Explosive Decompression Resistance of Centrifugal Compressor 0-Ring
Seals: A Comparative Test Summary and Procedure
W. N. SHADE and D. W. LEGG, Energy Services Group of Cooper In-
dustries, Mount Vernon, OH
(ASME Paper No. 87-GT-156)
Applications for Hydrocarbon Testing in Centrifugal Compressors

G. A. HUGHES, Dresser-Rand, Turbo Products Division, Olean, NY
(ASME Paper No. 87-GT-134)

Download service for the GTSJ member of ID , via 18.189.3.134, 2025705/bd. 2 —



GTSJ 15-57 1987

Application of Mechanical and Electrical Equipment in a Natural Gas Pro-
cessing Plant
R. P. LANG, General Electric Co., Schenectady, NY and B. B. Mc-
CULLOUGH, Northwest Pipeline Corp., Salt Lake City, UT
(ASME Paper No. 87-GT-182)

PROCESS INDUSTRIES

A Reheat Gas Turbine Oilfield Cogeneration System
F. E. MORENO and P. J. DIVIRGILIO, Turbo Energy Systems, Inc., Los

Aitos, CA
(ASME Paper No. 87-GT-129)
Group Discussion Subject
Cogeneration Qutlook—In a Depressed Energy Cost Environment

Performance and Reliability Improvements for Heavy Duty Gas Turbines
J. R. JOHNSTON, Genera! Electric Co., Schenectady, NY
(ASME Paper No. 87-GT-24)
The Refrigerated Gas and Vapor Turbine Cycle
J. H. ANDERSON and F. M. LAUCKS, J. Hilbert Anderson, Inc., York,
PA
(ASME Paper No. 87-GT-152)

An Effective System for Sealing Toxic Gases in Centrifugal Compressors
N. D. RONSKY and T. HARRIS, Novacorp international Consulting,

Ltd., Calgary, Alberta, CANADA, C. P. CONQUERGOQD and |. DAIVES, -

Shell Canada Ltd., Calgary, Alberta, CANADA
(ASME Paper No. 87-GT-210)

STRUCTURES AND DYNAMICS

Effect of Fluid Inertia on the Performance of Squeeze Film Damper Sup-
ported Rotors
L. A. SAN ANDRES and J. M. VANCE, Texas A&M University, College
Station, TX
(ASME Paper No. 87-GT-220)

Labyrinth Seal Coefficients for Small Motion of The Rotor About An Ar-
bitrary Eccentricity Position
C. RAJAKUMAR, Swanson Analysis Systems, Inc., Houston, PA and
F. SISTO, Stevens Institute of Technology, Hoboken, NJ
(ASME Paper No. 87-GT-194)

Cyclic Spinning Testing of Aero-Engine Disks
H. AONO, T. CHIKATA, R. SATOH, T. WAKATSUKI and M. HIKITA,
Ishikawajima-Harima Heavy industries Co., Ltd., Tokyo, JAPAN
(ASME Paper No. 87-GT-259)

Characterization of the Multiaxial States of Stress in an Uncooled Gas
Turbine Blade
W. KOSCHEL and A. FISCHERSWORRING, Technical University of
Aachen, Aachen, FEDERAL REPUBLIC OF GERMANY
(ASME Paper No. 87-GT-261)

Unsteady Aerodynamic Interactions in a Multi-Stage Compressor
V. R. CAPECE and S. FLEETER, Purdue University, West Lafayette, IN
(ASME Paper No. 87-GT-171)

Unsteady Aerodynamic Measurements on a Rotating Compressor Blade
Row at Low Mach Number
L. W. HARDIN, F. 0. CARTA and J. M. VERDON, United Technologies
Research Center, East Hartford, CT
(ASME Paper No. 87-GT-221)

Velocity Scaled Aeroelastic Testing of Advanced Turboprops
E. F. CRAWLEY and E. H. DUCHARME, Massachusetts Institute of
Technology, Cambridge, MA
(ASME Paper No. 87-GT-209)

On Predicting the Resonant Response of Bladed Disk Assemblies
J. H. GRIFFIN, Carnegie Melion University, Pittsburgh, PA
(ASME Paper No. 87-GT-158)

Composite Mechanics for Engine Structures
C. C. CHAMIS, NASA Lewis Research Center, Cleveland, OH
(ASME Paper No. 87-GT-88)

Tensile 8ehavior of Glass Ceramic Composite Material at Elevated
Temperatures
J. F. MANDELL, D. H. GRANDE and J. JACOBS, Massachusetts in-
stitute of Technology, Cambridge, MA
(ASME Paper No. 87-GT-75)

Advanced Composite Turboprops: Modeling Structural and Dynamic
Analyses
R. A. AIELLO, NASA Lewis Research Center, Cleveland, OH and S.
CHOU, Sverdrup Technologies, inc., Middleburg Hts., OH
(ASME Paper No. 87-GT-78)

STAEBL/General Composites with Hygrothermal Effects
R. RUBENSTEIN, Sverdrup Technologies, Inc., Middleburg Hts., OH
(ASME Paper No. 87-GT-77)
Localization of Natural Modes of Vibration in Bladed Disks
0. 0. BENDIKSEN and N. A. VALERO, Princeton University, Princeton,
NJ
(ASME Paper No. 87-GT-46)

A Diagnosis of Failure of a Compressor Blade
J. A. KUBIAK, J. M. FRANCO, A. CARNERO, A. ROTHHIRSCH and E.
J. AGUINNE, Instituto de Investigaciones Electricas, Cuernavaca,
MEXICO
(ASME Paper No. 87-GT-45)

Friction Damping of Random Vibration in Gas Turbine Engine Airfoils
A. SINHA, The Pennsylvania State University, University Park, PA
(ASME Paper No. 87-GT-44)

Blade Excitation by Broadband Pressure Fluctuations in a Centrifugal
Compressor
U. HAUPT and M. RAUTENBERG, University of Hannover, Hannover,
FEDERAL REPUBLIC OF GERMANY and A. N. ABDEL-HAMID,
American University in Cairo, Cairo, EGYPT
(ASME Paper No. 87-GT-17)

TURBOMACHINERY

Unified Equation of Motion (UEM) Approach as Applied to S1 Tur-
bomachinery Problems
S. ABDALLAH, C. F. SMITH and M. W. McBRIDE, The Pennsylvania
State University, State College, PA
(ASME Paper No. 87-GT-179)

The Turbomachine Blading Design Achieved by Soiving the Inverse Flow
Field Problem
T.S. LUU and B. VINEY, LIMSI (CNRS), Orsay, FRANCE
(ASME Paper No. 87-GT-215)

Shock Embedding Discontinuous Solution of Elliptic Equation for Inverse*
Problem of Transonic S, Flow
H. CHEN and C. H. WU, Institute of Engineering Thermophysics,
Chinese Academy of Science, Beijing, PEOPLE'S REPUBLIC OF CHINA
(ASME Paper No. 87-GT-115)

A Multi-Grid Algorithm for 2-D Transonic Potential Cascade Flow
W. Ji, H. JIANG and R. CAl, Institute of Engineering Thermophysics,
Chinese Academy of Science, Beijing, PEOPLE'S REPUBLIC OF CHINA
(ASME Paper No. 87-GT-180)

A New Method of Calculating Optimum Velocity Distribution Along the
Blade Surface on Arbitrary Stream Surface of Revolution in
Turbomachines
Z. ZOU and D. YUAN, Chinese Academy of Sciences, Beijing, PEO-
PLE'S REPUBLIC OF CHINA
(ASME Paper No. 87-GT-30)

A Generalized Numerical Method for Solving Direct, Inverse and Hybrid
Problems of Blade Cascade Flow by Using Streamline-Co-Ordinate
Equation
N-X. CHEN and F-X. ZHANG, Chinese Academy of Sciences, Beijing,
PEOPLE'S REPUBLIC OF CHINA
(ASME Paper No. 87-GT-29)
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A Simplified Method for 3-D Potential Flow in Turbomachinery Using
Vortex Sheet Boundary Conditions
H. JIANG, R. CAl and Y. ZHU, Chinese Academy of Sciences, Beijing,
PEQPLE'S REPUBLIC OF CHINA
(ASME Paper No. 87-GT-28)

Numerical Solution of Stream Function Equations in Transonic Flows
J.Z. XU, W.Y.NlandJ. Y. DU, Chinese Academy of Sciences, Beij-
ing, PEOPLE’S REPUBLIC OF CHINA

(ASME Paper No. 87-GT-18)

Navier-Stokes Solution for Steady Two-Dimensional Transonic Cascade
Flows
0. K. KWON, Allison Gas Turbine Division, General Motors Corp., In-
dianapolis, N
(ASME Paper No. 87-GT-54)

An Influence of the Thickness of a Laminar Sublayer and Mixing Length
Model on the Skin Friction and Heat Transfer in the Boundary Layer Flow
J. W. POLKOWSKI, BBC Brown, Boveri & Company, Ltd., Baden,
SWITZERLAND
(ASME Paper No. 87-GT-68)

Calculation of Unsteady Turbulent Boundary Layers
0. K. KWON, General Motors Corp., Allison Gas Turbine Division, In-
dianapolis, IN, R. H. PLETCHER, lowa State University, Ames, |A and
R. A. DELANEY, General Motors Corp., Allison Gas Turbine Div., In-
dianapolis, IN
(ASME Paper No. 87-GT-53)

A Time Marching Method for Calculating S, Stream Surface Viscous Flow
in a Single Rotor Compressor
N.-X. CHEN and L.-H. DAI, Chinese Academy of Sciences, Beijing,
PEOPLE'S REPUBLIC OF CHINA
(ASME Paper No. 87-GT-67)

Vice Chairman: B. V. JOHNSON, United Technologies Corp., East Hart-
ford, CT

Flow Characteristics of Long Orifices With Rotation and Corner Radiusing
W. F. McGREEHAN and M. J. SCHOTSCH, General Electric Co., Cin-
cinnati, OH

(ASME Paper No. 87-GT-162)

Prediction of Turbulent Source Flow Between Corotating Disks with an
Anisotropic Two-Equation Turbulence Model
S. A. SHIRAZI and C. R, TRUMAN, University of New Mexico, Albu-
querque, NM
(ASME Paper No. 87-GT-73)

Numerical Prediction of Turbulent Flow in Rotating Cavities
A. P. MORSE, University of Sussex, Brighton, ENGLAND
(ASME Paper No. 87-GT-74)

The Effect of Disc Geometry on Heat Transfer in a Rotating Cavity With a
Radial Outflow of Fluid
P. R. FARTHING and J. M. OWEN, University of Sussex, Brighton,
ENGLAND
(ASME Paper No. 87-GT-163)

Analysis of Windage Losses and Velocity Distribution for a Shrouded
Rotating Disk
. W. GAERTNER, MTU Motoren-und Turbine-Union Munchen GmbH,
Munich, FED. REP. OF GERMANY
{ASME Paper No. 87-GT-186)

Comparison of Predicted and Measured Velocities in a Compressor Disk
Drum Model!
D. G. ALBERGA and G. E. STEPHENS, Pratt and Whitney Aircraft, East
Hartford, CT and B. v. JOHNSON, United Technologies Research
Center, East Hartford, CT
(ASME Paper No. 87-GT-208)

Labyrinth Seal Flow Measurement by Tracer Gas Injection
W. F. McGREEHAN, F. G. HAASER and L. T. SHERWOOD, General
Electric Co., Cincinnati, OH
(ASME Paper No. 87-GT-187)

Windage Rise and Flowpath Gas Ingestion in Turbine Rim Cavities
F. HAASER, J. JACK and W. McGREEHAN, General Electric Co., Cin-
cinnati, OH
(ASME Paper No. 87-GT-164)

Sealing of a Shrouded Rotor-Stator System with Pre-Swirl Coolant
Z. B. EL-OUN, P. H. NELLER and A. B. TURNER, University of Sussex,
Brighton, ENGLAND
(ASME Paper No. 87-GT-72)

Numerical Predictions and Measurements of Discharge Coefficients in
Labyrinth Seals
S. WITTIG, U. SCHELLING, S. KIM and K. JACOBSEN, Universitat
Karisruhe, Karlsruhe, FEDERAL REPUBLIC OF GERMANY
(ASME Paper No. 87-GT-188)

Comparison Between Empirical and Numerical Labyrinth Flow
Correlations
H. ZIMMERMANN and K. H. WOLFF, MTU Motoren-und Turbine,
Munich, FEDERAL REPUBLIC OF GERMANY
(ASME Paper No. 87-GT-86)

Numerical Solution of Three-Dimensional Turbulent Flows for Modern Gas
Turbine Components
C. HAH, GE Corporate R&D, Schenectady, NY and J. LEYLEK, GE Air-
craft Engine Business Group, Cincinnati, OH
(ASME Paper No. 87-GT-84)

The Design of Shock-Free Cascades Including Viscous Boundary Layer
Effects
A. A. HASSAN, Arizona State University, Tempe, AZ
(ASME Paper Na. 87-GT-71)

Computation of Incompressible Flow in Turbomachines Using the
Primitive Variable Formulation _ o
J. H. CHEN and S. A. ABDALLAH, The Pennsylvania State University,

State Coilege, PA
(ASME Paper No. 87-GT-85)

A New Time-Averaging Procedure for Compressible Unsteady Turbulent
Flows )
F. KREITMEIER, BBC Brown, Baveri & Company, Ltd., Baden,
SWITZERLAND
(ASME Paper No. 87-GT-83)
Navier-Stokes Prediction of Transition, Loss and Heat Transfer in a Tur-
bine Cascade

N. T. BIRCH, Rolls Royce pic., Derby, ENGLAND
(ASME Paper No. 87-GT-22)

Three-Dimensional Caiculation of Wall Boundary Layer Flows in

Turbomachines
W. L. LINDSAY, H. B. CARRICK and J. H. HORLOCK, The Open

University, Milton Keynes, ENGLAND
(ASME Paper No. 87-GT-82)

Calculation of a Three-Dimensional Compressor Rotor Flow with a Navier
Stokes Code
J. WARFIELD and B. LAKSHMINARAYANA, Pennsylvania State
University, University Park, PA
(ASME Paper No. 87-GT-232)

A Discussion of the Maan S, Stream Surfaces Applied to Quasi 3D
Calculation Programs for Turbomachinery Design
X. ZHU and Z. WANG, Harbin Institute of Technology, Harbin, PEO-
PLE'S REPUBLIC OF CHINA
(ASME Paper No. 87-GT-150)

An Inviscid-Viscous Interaction Method to Predict the Boundary Layer
with Separation Bubbles in S, Stream Surface
S. KANG and Z. WANG, Harbin Institute of Technology, Harbin, PEO-
PLE'S REPUBLIC OF CHINA
(ASME Paper No. 87-GT-133)
Verification of Compressor Data Accuracy by Uncertainty Analysis and
Testing Methods
N. POT! and D. RABE, U.S. Air Force, W-P AFB, OH
(ASME Paper No. 87-GT-165)

The Aeromechanica! Response of an Advanced Transonic Compressor to
Inlet Distortion
J. T. DATKO and J. A. 0'HARA, U.S. Air Force, W-P AFB, OH
(ASME Paper No. 87-GT-189)

Characterization of Shock Wave End Wall Boundary Layer Interactions in
a Transonic Compressor Rotor
D. C. RABE and A. J. WENNERSTROM, U.S. Air Force, W-P AFB, OH
and W. F. 0'BRIEN, Virginia Polytechnic Institute and State University,
Blacksburg, VA
(ASME Paper No. 87-GT-166)

Secondary Flow, Turbulent Diffusion and Mixing in Axial-Flow
Compressors
D. C. WISLER and R. C. BAUER, General Electric Co., Cincinnati, OH
and T. H. OKISHI, lowa State University, Ames, OH
(ASME Paper No. 87-GT-16)
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Vice Chairman: J. L. BETTNER, Allison Gas Turbines, Indianapolis, IN

The Measurement of Boundary Layers on a Compressor Blade in
Cascade—Part I: A Unique Experimental Facility
S. DEUTSCH and W. C. ZIERKE, The Pennsylvania State University,
State College, PA
(ASME Paper No. 87-GT-248)
The Measurement of Boundary Layers on a Compressor Blade in
Cascade—Part II: Suction Surface Boundary Layers
S. DEUTSCH and W. C. ZIERKE, The Pennsylvania State University,
State College, PA
(ASME Paper No. 87-GT-249)
The Measurement of Boundary Layers on a Compressor Blade in
Cascade—Part IIi: Pressure Surface Boundary Layer and the Near Wake
S. DEUTSCH and W. C. ZIERKE, The Pennsylvania State University,
State College, PA
(ASME Paper No. 87-GT-250)

Laser Doppler Velocimeter Measurement of Annulus Wall Boundary Layer
in a Compressor Rotor
B. LAKSHMINARAYANA and K. N. S. MURTHY, The Pennsylvania
State University, University Park, PA
(ASME Paper No. 87-GT-251)

Theoretical and Experimental Analysis of Two Compressor Cascades at
Supercritical Flow Conditions
A. WEBER, M. FADEN and V. JAWTUSCH, DFVLR-Koln, Koin,
FEDERAL REPUBLIC OF GERMANY
(ASME Paper No. 87-GT-256)

Through-Flow Analysis of a Multi-Stage Compressor Operating at Near-
Stali Conditions
R. P. DRING and H. D. JOSLYN, United Technologies Research Center,
East Harttord, CT
(ASME Paper No. 87-GT-51)

Through Flow Models for Mass and Momentum Averaged Values
C. HIRSCH, Vrije Universiteit Brussel, Brussels, BELGIUM and R. P.
DRING, United Technologies Research Center, East Hartford, CT
(ASME Paper No. 87-GT-52)

Experimental Analysis of the Flow in a Two Stage Axial Compressor at 0ff
Design Conditions
A. MASSARDO and A. SATTA, Dipartimento di ingegneria Energetica,
Genova, ITALY
(ASME Paper No. 87-GT-65)

0ff-Design Performance of Supersonic Compressors with Fixed and
Variable Geometry
K.-D. BROICHHAUSEN, Motoren- und Turbinen-Union, Minchen,
FED. REPUBLIC OF GERMANY, H. E. GALLUS and R. MONIG, Institut
fur Strahlantriebe und Turboarbeitsmaschinen, Aachen, FED.
REPUBLIC OF GERMANY
(ASME Paper No. 87-GT-116)

Experimental Investigations of Flows Through a Plane Cascade at Large
Angles of Attack with Separations
C. GU, L. LUO and Y. MIAO, Xi'an Jiaotong University, Xi'an, PEO-
PLE’S REPUBLIC OF CHINA
(ASME Paper No. 87-GT-96)

The Design of an Advanced Civil Fan Rotor
R. B. GINDER and W. J. CALVERT, Royal Aircraft Establishment;
Ministry of Defense, Farnborough, UK
(ASME Paper No. 87-GT-218)

Application of Advanced Computational Codes in the Design of an Experi-
ment for a Supersonic Throughflow Fan Rotor
J. R. WOOD, J. F. SCHMIDT, R. J. STEINKE, R. V. CHINA and W. G.
KUNIK, NASA-Lewis Research Center, Cleveland, OH
(ASME Paper No. 87-GT-160)

Analytical Prediction of the Unsteady Lift on a Rotor Caused by
Downstream Struts
A. C. TAYLOR, Il and W. F. NG, Virginia Polytechnic Inst. and State
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Past &
Future
Events

PAST LOCATIONS AND
ATTENDANCE

Can Gas Turbines Be Twice As Good?

The Department of Defense
and NASA think that they can
be, and they are ready to spend
billions to find out if the air-
craft gas turbine industry can
demonstrate propulsion system
capability at the turn of the
century of double the techno-
logical state of the art today.
The program is called “Inte-
grated High Performance
Turbine Engine Technology” or

The AMERICAN SOCIETY of MECHANICAL ENGINEERS

IHPTET, and is derived from a
successful Air Force Program
(HPTET) which was started a
few years ago. The program is
unusually high risk and
depends upon the timely devel-
opment of both complex pro-
pulsion and material technolo-
gies integrated with innovative
structural arrangements. Of
course, current life, reliability
and maintainability

George
Opdyke, Jr.
Chairman
standards are not to be com-
promised! During the period of
the program, there will be dem-

continued on page 8

32nd ASMEg INTERNATIONAL GAS TURBINE

1982 London 5,164
1983 Phoenix 4,306
1984 Amsterdam 5,387
1985 Houston 4,351
1985 Beijing, PR.C. 25,368
1986 Dusseldorf 4,408

CONFERENCE AND EXHIBIT
May 31-June 4, 1987
Anaheim Convention Center ® Anaheim, California

MAY 31-JUNE 4, 1987
Anaheim, California

32nd International Gas Turbine
Conference and Exhibit
Anaheim Convention Center

SEPTEMBER 2-4, 1987
Montreux, Switzerland

1987 ASMEg Cogen-Turbo

International Symposium and
Exposition

Convention and Exhibition
Centre

JUNE 5-9, 1988
Amsterdam, The Netherlands

33rd International Gas Turbine
and Aeroengine Congress
and Exposition

International Exhibition and
Congrescentrum RAI

JUNE 4-8, 1989
Toronto, Ontario, Canada

34th International Gas Turbine
and Aercengine Congress
and Exposition

Metro Toronto Convention
Centre
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The 32nd ASME Interna-
tional Gas Turbine Conference
and Exhibit will be the 1987
gathering point for over 5,000
users, manufacturers, market-
ers, and designers who need to
keep up-to-date on gas turbine
and related components.

Prior to opening of the Con-
ference and Exhibit, four
professional development short
courses are being offered on
Sunday, May 31. The courses,
which will be taught by recog-
nized experts with excellent
presentation skills, are: “Intro-
duction to the Gas Turbine;”
“Turbomachinery Structural
Dynamics;” “Turbomachinery
Erosion and Performance Dete-
rioration;” and “Atomization
and Sprays.”

Excitement in today’s world
of research and development in
gas turbine technology is evi-
denced in the refereed technical
papers which will be published
and available for sale at the
Conference. In the 81 sessions,
there are over 250 ASME gas

turbine technical papers cover-
ing a broad range of topics
including: aircraft; ceramics;
closed cycles; coal utilization;
cogeneration; combustion and
fuels; controls and diagnostics;
electric utilities; heat transfer;
manufacturing materials and
metallurgy; marine; pipelines
and applications; process
industries; structures and
dynamics; turbomachinery;
and vehicular and small
turbomachines.

More than 180 exhibiting
companies will have personnel
available to discuss their dis-
plays of gas turbine engines
and peripheral equipment,
materials, service accessories,
instrumentation, maintenance
and repair operations, controls,
applications, publications and
much more. Some joint ven-
tures and mergers are melding
established, traditional and pio-
neering efforts with space age
demands upon gas turbines.
Several exhibiting companies
will conduct plant tours on Fri-

day, June 5, which will be of
interest to all.

Absorbing the ambiance and
enjoying the many attractions
in and surrounding Anaheim
will complete the rewarding
experience of attending the
Conference and Exhibit. Tours
will be available to those desir-
ing sightseeing adventures of
this unique area.

The International Gas Tur-
bine Institute invites you to join
your colleagues and take part in
the 32nd ASME International
Gas Turbine Conference and
Exhibit which will provide five
full days of worthwhile activi-
ties for users, manufacturers,
designers and marketers of gas
turbines and related compo-
nents. Please contact the
International Gas Turbine Insti-
tute in Atlanta for a Conference
Program which contains com-
plete information on registra-
tion, hotels, the technical
program and exhibits.



Status of 1987
Cogen-Turbo

The 1987 ASME Cogen-Turbo
is the International Symposium
and Exposition on Turboma-
chinery, Combined Cycle
Technologies, and Cogeneration.
It will be held September 2-4, in
Montreux, Switzerland.

An initial plenary session
will include four keynote
speakers from: Brown Boveri,
Sulzer {both are Swiss compa-
nies), Germany, and the U.S.
The balance of the three days
will be devoted to comprehen-
sive technical sessions with
three concurrent sessions run-
ning morning and afternoon.
The subject matter will be
organized according to: cogen-

eration systems {open and
closed cycles); novel cycles; and
system components such as
steam and gas turbines, ex-
haust heat recovery systems,
fuels and fuel systems, controls,
bearings, seals, and lubrication
systems.

This promises to be an out-
standing technical program
backed up and correlated with
an unparalleled exhibition of
equipment related to cogenera-
tion and combined cycle
systems.

The Advance Program will
be sent in several weeks to all
recipients of the Global Gas
Turbine News.
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Several years ago, the Inter-
national Gas Turbine Institute
developed a “Complimentary
Exhibit Pass” program that
local ASME Sections may par-
ticipate in. The purpose of the
program is to promote greater
interaction between ASME Sec-
tions and ASME Technical
Divisions and to provide a sig-
nificant cash contribution to a
Section when the ASME Inter-
national Gas Turbine Confer-
ence and Exhibit is being held
in their local area.

Here's how the program will
work for the 32nd ASME Inter-
national Gas Turbine Exhibit
in Anaheim. Complimentary
passes to visit the exhibits have
been sent to six Region IX
ASME Sections. The Sections
are: Channel Islands; California
Inland; Los Angeles; Orange
County; San Fernando Valley,

and San Diego. The passes
issued to each Section are

of a different color. Section
members are encouraged to dis-
tribute the passes at their place
of employment or other engi-
neering related locations. For
every specially coded and col-
ored pass used to register to
visit the Exhibit, the ASME
International Gas Turbine Insti-
tute will pay the respective
ASME Section $3.00.

The program has been well
received in past years and local
Sections have been able to gen-
erate extra income with rela-
tively little work. We feel that
the Sections participating in
this year’s program will use the
complimentary pass program
with the enthusiasm and origi-
nality unique to Southern
California.

John Ingle Yellott
1908-1986

Dr. John I. Yellott died on
December 27, 1986 in Phoenix,
Arizona of a massive coronary.
Dr. Yellott had a very distin-
guished career and was active
in establishing the Gas Turbine
Division of the American

Society of Mechanical Engi-
neers in 1947. He was appoint-
ed to the first Executive Com-
mittee and served as Chair-
man of the Gas Turbine Divi-
sion in 1951.

April 1987



Turbomachinery for High
Mach Number Flight

Dr. Louis Povinelli

Deputy Chief

Internal Fluid Mechanics

Division
Mail Stop 5-3
NASA Lewis Research
Center

Cleveland, OH 44135

(216) 433-5818

Telex: 985218

Papers are solicited which
deal with turbomachinery for
high Mach number flight
(M>3). Analytical, computa-
tional (inviscid and viscous)
and experimental research
appropriate to high speed com-
ponents are requested.

Radial Flow Turbomachinery
Mr. Paul Hermann
Sunstrand Corporation
4747 Harrison Avenue
P.O. Box 7002
Rockford, IL 61125
(815} 226-6767
Telex: 257-440
Papers are sought for ses-

sions on the fluid dynamic

design of radial and mixed flow
compressors and turbines.
Submissions related to
papers on turbomachinery
aerodynamic topics not listed
above should be sent to the
Committee Vice Chairman,

C.C. Koch, General Electric

Company, Bldg.-500 Mail

Drop A-322, Cincinnati,

Ohio 45215, Phone (513)

583-4177, Telex 7862873.

Please direct any general
questions about the Turboma-
chinery Committee call-for-
papers to the Vice Chairman or
to the Chairman, L.S. Langston,
the University of Connecticut,
Mechanical Engineering Dept.,
U-139, Storrs, Connecticut
06268, Phone (203) 486-4884/
2189, Telex 994484,

Combustion and
Fuels Committee

Technical sessions sponsored
by the Combustion and Fuels
Committee will consist of
papers related to the following
topical areas:
® Combustor Fluid
Mechanics

¢ Compuiational Fluid
Dynamics of Combustors

® Fuel Atomization and
Evaporation

® Unconventional Fuels for
New Aeroengine
Concepts

® Advanced Combustor
Concepts

® Advanced Combustion
Diagnostics

Prospective authors are
encouraged to submit a paper

on one of the topics above.
Papers on other topics will also
be given full consideration.
Please send your abstracts,
green sheets, and completed
manuscripts to the Combustion
and Fuels Committee sessions
organizer:
Dr. Edward J. Mularz
Mail Stop 5-11
Propulsion Directorate,
AVSCOM
NASA Lewis Research
Center
21000 Brookpark Road
Cleveland, OH 44135-3127

Heat Transfer
Committee

The Heat Transfer Committee
is organizing a technical session
on-Heat Transfer in Gas Tur-
bine Engines. Authors are
invited to submit papers deal-
ing with both computational
and experimental aspects of
heat transfer in gas turbine
engine components. Appropri-
ate topics include, but are not
restricted to: external and inter-
nal convection on rotating and
stationary airfoils, endwalls,
shrouds, blade tips, disks and
rotor cavities. Also appropriate
are papers dealing with the
heat transfer aspects of com-
bustor flows and components,

April 1987
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as well as papers dealing with
instrumentation development
and measurement of engine
thermal environments.

Prospective authors should
submit three copies of a 500
word abstract by June 15, 1987.
Authors will be notified of
abstract acceptance by July 15,
1988. Authors will be required
to submit (5) copies of the com-
plete manuscript by September
15, 1987. Authors of high qual-
ity papers with permanent
interest value will be encour-
aged to submit their work to
either the Journal of Heat
Transfer or the Journal of Gas
Turbines and Power. Authors
are requested to designate their
choice of journal when the draft
manuscript is submitted for
review.

Abstracts and all other corre-
spondence regarding the
session should be sent directly
to the session organizers:

Dr. Mikio Suo, M/D A 323

General Electric Company

1 Neumann Way

Box 156301

Cincinnati, OH 45215

Dr. Michael G. Dunn
Calspan Corporation
P.O. Box 400
Buffalo, N.Y. 14225
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continued from page 1

onstrations of progress to
reassure the doubters and to
show that some advancements
are available for use on nearer
term military requirements.
The types of gas turbine
engines considered for the
IHPTET program include
fighter engines, rotorcraft
engines, cruise missile engines,
and subsonic patrol or trans-
port engines. Each type has
goals suited to their specific
applications, becoming increas-
ingly difficult as the program
progresses to meet the 1990,
1995 and year 2000 milestones.
Even if the ambitious techni-
cal goals are not quite met, the
payoffs in increased military
capability as well as civilian

University

703-961-7191

CHAIRMAN VICE-CHAIRMAN
GEORGE OPDYKE. |R. WALTER F. O'B
AVCO Lycoming Textron Mechanical En,

productivity will be tremen-
dous. As is the case with most
long range programs, the
detailed outcome cannot be pre-
dicted with certainty except to
say that significant changes in
gas turbine design and capabil-
ity will result.

In addition to the technical
challenge of doubling gas tur-
bine capability in thirteen
years, the IHPTET program is
planned to be a coordinated
effort among the three services,
NASA and DARPA, with over-
sight from DOD. This is also a
challenge. A steering committee
is to be formed to establish a
dedicated technical community
across government and indus-
try so that full coordination can
be achieved. If this concept can
be made to work successfully,

CHAIRMAN OF
CONFERENCES
FRANKLIN 0. CARTA
United Technologies

REVIEW CHAIRMAN
SIMION C. KUO
Pratt & Whilney

the useful output of the techni-
cal program will undoubtedly
be increased.

Since the program is techno-
logical in purpose, and no
specific engines are planned to
result, the funding will be in
the categories of 6.2, (applied
research), and 6.3a, (non-spe-
cific demonstrators). The total
funding for the next thirteen
years is planned to be $3.4 bil-
lion, with almost two thirds to
be spent by the Air Force. This
amount is significant compared
to normal budgets for this type
of funding, but it is estimated
to fall short of program needs,
so the participating engine
companies are expected to con-
tribute about one third of the
total cost of the program. It is
suggested that engine compa-

ASME, International Gas Turbine Institute Board of Directors 1986-1987

FINANCE COMMITTEE
& PAST CHAIRMAN

H. CLARE EATOCK

Pratt & Whitney

EX OFFICIO
THOMAS E. STOTT
Thomas Stott &

Blacksburg. VA 24061

550 South Main St Depl Research Center MS 19 GPD MS-702-66 Canada Inc. Associates
Stratford, CT 06497 Virginia Polviechnic East Hartfurd. CT 06108 P.O. Box 109600 P.O. Box 10 MS 1LD4 P.O. Box 295
203-385-3493 Instilute & Stale 203-727-7355 West Palm Beach, 1. 33410 Longueuil, Quebec

305-840-7431 J4K 4Xg
Canada

514-647-7574

MANAGING DIRECTOR & CEO
DONALD D. HiLI

ASME® International Gas Turbine Institute Staff, Atlanta, Georgia

DIRECTOR, EXHIBITS
& INFORMATION SERVICES
DAVID H. LINDSAY

ADMINISTRATOR
SUE COLLINS

EXHIBIT ASSISTANT
CLAIRE HOWARD

Cummagquid. MA 02637
617-362-9784

nies also obtain participation
from their suppliers.

Technical interchange is
desired, particularly in the
early part of the program, and
procedures for technical paper
review will be established. The
IGTI can help here, since our
gas turbine conferences provide
an outstanding forum for dis-
semination of technical
information, both in the form of
scientific papers and in display
of hardware.

The Department of Defense is
to be applauded for this bold,
long term initiative, which will
help gas turbine technology
take a giant step forward. Let
us hope that the industry and
the military services, working
together, can really pull it off!

EX OFFICIO

DONALD D. HILL

ASME International Gas
Turbine Institute

4250 Perimeter Pk.
South #108

Atlanta. GA 30341

404-451-1905

STAFF ASSISTANTS
JUNE STEINBERG
ANNA MAZANTI
|ANE PUNTNEY
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The Making of a Fellow

The Fellow grade of member-
ship in the American Society of
Mechanical Engineers is an
honor that is bestowed upon
only a very few engineers—
those who have made signifi-
cant and outstanding contri-
butions to their profession.

involved in preparing a Fellow
nomination; however, if you
have a colleague or friend
whose professional achieve-
ments should not be forgotten,
contact the IGTI in Atlanta for
a Fellow nomination kit. The
person nominated and ASME

Considerable work is as a whole will surely benefit.

Congratulations To
Lakshminarayana

Dr. Budugur “Bud” Lakshmi-
narayana has been named an
Evan Pugh Professor of Aero-
space Engineering, the highest
honor that The Pennsylvania
State University bestows on a
faculty member. Lakshniina-
rayana is an active member on
the IGTI Education and Turbo-
machinery Technical
Committees.

International Gas Turbine Institute
The AMERICAN SOCIETY of MECHANICAL ENGINEERS
4250 Perimeter Park South ¢ #108 « Atlanta, Georgia 30341 USA

NON-PROFIT ORGANIZATION
U.S. POSTAGE
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